Abstract : Interfacial chemical behavior was studied for aqueous solutions of sodium 1-oxo-1-[4-( tridecafluorohexyl)phenyl]-2-hexanesulfonate, a hybrid surfactant containing a fluorocarbon chain and a hydrocarbon chain in the same molecule. Surface tension decreased substantially with an increase in surfactant concentration around the critical micelle concentration, followed by a secondary decrease. In the same concentration region the I1/I3 ratio in the fluorescence spectra of pyrene (added as a micropolarity-indicator) continued to be as high as the value in water despite the micelle formation and it began to decrease gradually from a concentration ten times greater than the cmc. Such a behavior suggests the micelle of the hybrid surfactant gradually changes its aggregation state even above cmc with the concentration increase.
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Many studies on mixed systems of fluorocarbon and hydrocarbon surfactants have reported that extremely heterogeneous micelles are formed1)-9>. Such heterogeneity may be reproduced also with chemically bound systems. For instance, a new hybrid anionic surfactant, C7F15CH (OSO3Na) C7H15 , was synthesized and its solution property was investigated in details10) . However, the surfactants are slowly hydrolyzed in air through the adsorption of moisture. Therefore, we have synthesized new hybrid surfactants containing fluorocarbon and hydrocarbon chains in the same molecule and measured the Krafft point, surface tension and critical micelle concentration (cmc) of these aqueous solutions11). In this paper, we examined the internal micelle environment in aqueous solutions of the hybrid surfactant with the fluorescence probe method.
A hybrid surfactant, sodium 1-oxo-1-[4-(tridecafluorohexyl) phenyl] -2-hexanesulfonate C6F13C6H4COCH (SO3Na) C4H9 (C6H4 p-phenylene, FC6-HC4), was synthesized as in our previous paper" and dissolved in distilled water (Japanese Pharmacopoeia, Otsuka Pharmacy Co., Ltd., Toyo) . Surface tensions at air/surfactant solutions were measured using a Wilhelmy-type surface tensiometer CBVP-A 3 (Kyowa Interface Science Co., Ltd., Tokyo) with a platinum plate. Pyrene, purchased from Wako Pure Chemical Industries Ltd., Osaka, was crease indicates the formation of micelles and the transfer of pyrene molecules from bulk water to the micelles. Figure 3 shows the concentration dependence of the 11/13 ratio of the FC6-HC4 solution. As can be seen in Fig. 3 , the I1/I3 ratio in FC6-HC4 solutions below the cmc was almost the same as in the SDS and SDS-SPFO solutions shown in Fig. 2 , and the slight decrease in 11/13 value is considered to be experimental error judging from the width of the error bar. However, different from SDS and SDS-SPFO mixture systems, the value decreased gradually above the cmc, and then decreased down to about 1.20 when the concentration became one hundred times higher than the cmc. This result suggests that the micelle of the hybrid surfactant gradually changes its aggregation state e. g., orientation of the hydrocarbon moiety and/or packing density of the surfactant, above cmc with the concentration increase. At least in the highly concentrated solutions, pyrene molecules are thought to be solubilized within the micelles similarly to the SDS and SDS-SPFO solutions.
Moreover, the solubilized site of pyrene in the FC6-HC4 surfactant micelle was ascertained with ultraviolet absorption spectra. Figure 4 shows the relationship between the maximum absorbance wavelength (2. max) in the ultraviolet spectra of pyrene and the concentration of FC6-HC4. max was almost invariant at 334 nm, independently of FC6-HC4 concentration. The value was closer to 333.5 nm observed in n-hexane, a model of a hydrocarbon environment, and rather than 327.1 nm observed in perfluoro-n-hexane, a model of a fluorocarbon environment.
Correspondingly, pyrene molecules are supposed to be solubilized in the hydrocarbon moiety interior, including the hydrocarbon chain and phenyl group, and in the FC6-HC4 micelles over the entire concentration region.
The results mentioned above suggest that pyrene molecules are solubilized in the hydrocarbon moiety of FC6-HC4 micelles and that the environment around pyrene, i.e. the environment of hydrocarbon moiety of FC6-HC4 micelles, changes gradually from the environment of high micropolarity to one of low micropolarity with an increase in the concentration of FC6-HC4 above cmc. As described previously, FC6-HC4 cannot form two species of homogeneous micelles with different fluorocarbon-hydrocarbon composition because of a fixed number ratio of the fluorocarbon chain to the hydrocarbon chain . Accordingly, the anomalous 11/13 behavior is ascribable to the change in the aggregation state of the FC6-HC4 micelles.
This paper reports the anomalous behavior of the hybrid surfactant solutions with emphasis on the change in the micropolarity around the hydrocarbon moiety of the surfactant molecule above cmc. It is necessary to further consider the microstructure of hybrid surfactant micelles in detail. At present, we are studying the microstructure of a series of the hybrid surfactants micelles by means of Raman spectroscopy to report on them .
